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LIST OF ABBREVIATIONS

The extensive use of abbreviations in this study resulted from the
fact that the principal work is the set of diagrams found in Appendix A.
The presentation of the large amount of information in diagrammatic form
has led to the extensive use of abbreviations, many of which are non-
standard. The abbreviations used in this study will, in general, comply
with MIL-STD-12. Abbreviations not found in MIL-STD-12 were derived by
consulting the Master Index of APL's, Webster's Dictionary, and other

department references.
adv advanced
a/c air conditioning
anal analysis
arr arrangement
aux auxiliary
BM bill of material
calc calculation
cat catalog
circ circulating y
compt compartment :
C&aA compartment and access {
CFE contractor-furnished equipment ~
ctrl control
dk deck
dkhs deckhouse
des design
det detail
div division *
doc document R
docn documentation i
dwg drawing '
elem elementary )
engr engineering \
equip equipment
exch exchanger $
expan expansion
fdn foundation
k fr frame
} FAS fueling at sea
i FS functional system*
gen general
gnd ground

* The term "functional system" as used extensively in this document
to describe the six subsystems of CASDAC Level 1V/V has since been
changed to "engineering system".
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HIPO Hierarchical Input-Process~QOutput
integ integration
instr instruction
isom isometric
1bl label
ltrs letters i
lvl level :
itg lighting |
L/M list of material
loc location
machy machinery
mn main -
mfg manufacturing .
matl material a
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! mld me lded
mg motor generator
perf perform 3
pl plate ;
plat platform
! - pwr power
prel preliminary
P proc procedures :
procr procurement : 1
prod production :
QA quality assurance :
red reduction .
RAS replenishment at sea ¢
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reqmt requirement I
m room ¢
sch schedule o
schem schematic R
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SI1B ships information book K
Ss ships service |
shr shower E
spec specification
std standard
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str structural
struct structure ﬂ
sum summary
suprstr superstructure
sys system
tech technical k
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ABSTRACT

This study defines the "top-level" functional structure
of CASDAC (Computer-Aided Ship Design and Construction)
Level IV/V. The definition is accomplished by using a
hierarchically structured modeling technique to examine the
top levels of each of the six individual functional systems
which have been identified as the principal components
of CASDAC Level IV/V., These six functional systems address
the following areas of ship design and construction: Hull
(HULDAC); Machinery (CAMDAC); Piping (CAPDAC); Electrical/
Electronics (ELXDAC); Heating, Ventilation, and Air-Condition-
ing (CAVDAC); and Handling (HANDAC). The study was restricted
to the top three functional levels from a total potential of
perhaps ten levels. The study identifies the areas of
responsibility of the individual functional systems, ideuntifies
data within these systems, and examines the interfaces
between the detail design functional systems and Level III
subsystems. Data were gathered, organized, and presented
for each of the functional systems using the Hierarchical
Input Process Output (HIPO) methodology. These HIPO diagrams
comprise the core of this study and were used in developing
the findings and recommendations.

T el e AR R b L

»

P IR {18 T s N

iailiet

PP




GENERAL

ADMINISTRATIVE INFORMATION

Authorization and funding for this work were given under RDT&E
element number 62760N, task area SF 53532301, task 14507.

ACKNOWLEDGMENTS

This study was conducted by a team of individuals at the David W.
Taylor Naval Ship Research and Development Center (DTNSRDC) representing
each of the CASDAC (Computer-Aided Ship Design and Construction) Level
IV/V functional systems, This team jointly decided the course and
direction of the study and individually prepared the material included
herein. This acknowledgment is in grateful appreciation of the efforts
of the following team members:

Jack Brainin Code 1851
Harry Sheridan Code 1854
Jack Lynch Code 1854
Ray Brengs Code 1855
Murle Henderson Code 1855
Mark Skall Code 1856
Joan Bowden Code 1856

BACKGROUND

The Computer-Aided Ship Design and Construction (CASDAC) project
currently under development by the Navy is intended to provide improved
ships and ship systems at reduced cost in a shortened acquisition time
frame. These highly desirable goals can be approached by systematically
developing and applying computers and computer-based technology to all
phases of the ships acquisition process.

Within CASDAC, the ship acquisition process is described in a five-
level breakdown divided into two stages. Early-stage design consists of
Levels I, II and I1I, which correspond to concept, preliminary, and con-
tract design phases. These phases can be characterized by the develop~
ment and production of cost and feasibility studies, performance trade-
offs, hull form definitions, systems definition/selection, and specifica-
tion generation. The end product of this stage of design is a contract
guidance bidder's package which serves as input, guidance, and contrac-
tual specification for development of the ship detail design. Programs
comprising this stage are being developed and utilized by the Naval Ship
Engineering Center (NAVSEC).
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The second stage consists of Levels IV and V, which are the detail
design and construction phases. These phases use the output of Level III
to develop ship arrangements, detail working drawings, documents required
to select and procure ship components, various lists, and miscellaneous
information necessary for construction and testing of the ship and ship
systems. Programs supporting this stage are being developed by the David
W. Taylor Naval Ship Research and Development Center. These programs
will be employed by shipbuilders under contract to the Navy.

The subject of this study is the development of Levels IV and V of
CASDAC. o
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STUDY CONDUCT

OVERVIEW

This top-down study addresses the second stage of CASDAC, which has
been defined as Levels IV and V, the detail design and construction
phases of the ship acquisition process.

Current in-house studies relating to CASDAC Level IV/V define this
level as being comprised of six functional systems. These functional
systems address hull (HULDAC); machinery (CAMDAC); piping (CAPDAC);
electrical/electronics (ELXDAC); heating, ventilation, and air-condition-
ing (HVAC); and handling (HANDAC).

The pip.1g functional system, CAPDAC, has conducted and completed an
engineering analysis (Reference 1). The hull functional system (HULDAC)
engineering analysis report currently under development and the electrical/
electronics (ELXDAC) engineering analysis, Reference 2, are not yet com~
plete. Work on the remaining functional systems is negligible.

These individual functioral systems until now have been progressing
along their own development lines with no formal review respecting stand-
ardization of their approaches or concern for future integration. No
effort has been previously attempted to examine the interactions among the
functional systems, or between them and the CASDAC Level III subsystems.

This study will examine these interactions and attempt to define
clear interfaces, to define the scope of each functional system, and to
identify potential common software areas. The study was not intended to
be an exhaustive, comprehensive investigation. It was anticipated that
the top-level structure of each functional system could be examined to a
depth of two to three functional levels, depending on the rate of expend-
iture of limited funds.

OBJECTIVES

The detailed objectives of this study were identified after much
deliberation and many discussions by the top-down study team and the final
list was chosen considering the desirability of maintaining some degree of
consistency with other current and future development tasks.

The objectives listed below were ordered in the sequence of their

preferred accomplishment, so that the more valuable answers would be
obtained first.
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l. To define the scope of CASDAC Level IV/V.

2. To define areas of responsibility of each Level IV/V functional
system.

3. To identify and describe data interfaces among functional systems.

4., To identify and describe data interfaces between Level III CASDAC
and each Level IV/V functional system.

5. To identify areas of software development which are applicable
to two or more functional systems or Level III subsystems.

6. To identify typical data of each functional system,
7. To define/clarify the Level IV/Level V interface.

8. To produce principal inputs to the CASDAC Level IV/V Functional
Description.

APPROACH

A task group was formed to conduct a top-down study of CASDAC Level
IV/V. This group consisted of members representing each Level IV/V
functional system, with the HULDAC representative designated as task
leader. Group meetings were held periodically to discuss the progress
and direction of the study. At one of the early meetings, the group
decided to be guided through the study by consensus decisions, as this
appeared to offer the best method of arbitration.

The first group action was to identify objectives and determine a

method for accomplishing those objectives., It was decided that a "top-down" Y
approach would best produce the desired results. A
The term "top-down" implies functionally decomposing the CASDAC Level o

IV/V system into progressively smaller understandable pieces, starting at
the uppermost general level and working downward through the lower more
detailed levels. There exist many different methodologies which would
have been appropriate for this type study. After review of several of
these methodologies, including Structured Analysis and Design Technique
(SADT) and Meta Stepwise Refinement (MSR), the group decided to use Hier-
archical Input-Process~Output (HIPO). (See Reference 3 for details of
the HIPO system.) This decision was based on the relative simplicity of
use of HIPO as compared to the other systems, with the corresponding
incentive of reduced learning time.

DEFRCRREY ' Ty

Y N




The group jointly decided on the top-level functional structure to
begin the study. This jointly developed portion of the HIPO model pro-
vided the necessary object to focus on some of the many problems which
rapidly presented themselves. Figure 1 depicts the numbering scheme and
structuring technique decided upon. Levels I, II and III are shown for
organizational completeness and within Level IV, the management system
functional system is not being addressed by this study. Additionally,
it should be noted that the unlabeled boxes at Level IV are used to
indicate that there may possibly be other functional system level sub-
systems which have not yet been identified. At this point it was also
decided to modify the "pure" HIPO methodology by adding to the HIPO
diagrams the "address information" to indicate the HIPO function from
which each input originated, and the function to which each output was
communicated. Figure 2 illustrates a typical HIPO diagram format.

Having established the basic guidelines for the development of the
HIPO tree structure and diagrams, task group members responsible for each
functional system proceeded to independently develop their system tree
structures and diagrams.,

First attempts at using the HIPO diagrams independently identified
yet another problem, Complex systems can be modeled using many different
criteria for decomposition. From this first effort, two distinct methods
emerged. One approach established common functions at the upper level
of the functional system and modeled subsets of these functions through-
out the lower subsystem levels. The other method placed subsystems of
the functional system at the upper level and modeled functions within
each of these subsystems. These different approaches were decided to be
inconsistent with the intent to provide a common standard for all of
CASDAC Level 1V/V. Use of the general functional breakdown forced the
developer to make certain decisions pertaining to commonality of func-
tions early in the process, while using the subsystem breakdown method
meant repeating common functions in each subsystem. Models of distrib-
utive systems seemed to fit more easily into the generalized common
function breakdown while developers of functional systems containing many
differently configured subsystems had difficulty in identifying common
functions at the upper level. After consideration of these and other
factors, it was decided to attempt to construct the model using the
generalized common function approach. This decision reflects the defi-
nition of the study as a general description of the top level of CASDAC
Level IV/V.

Upon completion of the HIPO diagrams and tree structures (Appendix
A), the model of each functional system was reviewed for vertical consis-
tency, use of standard names, and organization of inputs and outputs,
Following this independent review, the functional system representatives
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paired off to compare and adjust the input/output interfaces between the
various sytems.

Concurrently with the development of the HIPO diagrams, copies of
the Ship Work Breakdown System (SWBS) were marked up by cognizant task
group members to establish the area of responsibility of each functional
system in terms of SWBS elements "belonging" to each functional system.
This SWBS mark-up was also intended to help ascertain the overall scope
of CASDAC Level IV/V.

TASK PERFORMANCE

The performance of this task was principally the production and
analysis of the data presented on the HIPO diagrams - Appendix A hereof.
These diagrams give a description of the top-level functions of CASDAC
Level IV/V. The systematic examination of these functions in terms of
inputs required and outputs generated provided focus to the interfaces
and helped to identify areas of common consideration. Even though the
inputs and outputs are very general in nature and are identified in
terms of lists, drawings, etc., in lieu of data elements, they provided
the initial emphasis for the development of the findings and recommenda-
tions presented in the following sections.
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FINDINGS AND RECOMMENDATIONS

Findings and recommendations presented in this section will be
ordered to match the objectives previously identified.

SCOPE OF CASDAC LEVEL IV/V

One of the first questions raised by the top-down study team con-
cerned the scope of the study as related to the scope of CASDAC IV/V,
Although the stated objective was to define the scope of CASDAC Level
IV/V, the team recognized that the study was limited in funds and
agreed that a major point to be defined was how detailed the study
would have to be to provide meaningful answers. It was determined that
the scope of the study probably should not coincide identically with
the scope of CASDAC Level IV/V, as the distinction between the two was
' not initially clear. It was felt that certain functions which fell
within the domain of CASDAC Level IV/V need not be modeled in the study
to obtain top level general answers.

Basic guidance for defining the scope of CASDAC IV/V is provided in
the CASDAC Navy Decision Coordinating Paper (NDCP), Reference 4, and in
some current in-house studies. However, a study of these documents
failed to provide specific answers to many questions. The recognition
that these questions related to the definition of several "boundaries"
led to the development of the "circles of scope," Figures 3, 4, and 5.

Figure 3 represents the overall ship acquisition process, emphasiz-
ing the roles and interfaces among the Navy, shipbuilders, and vendors.
There are certain fairly well-defined relationships and interactions
between each of these participants, as indicated by the directional
arrows crossing their boundaries. An example of these is at the Navy/
Shipyard interface, where the Navy supplies the shipyard with the Con-
tract Design Package, specifications, GFE, GFI, design approval, payment,
etc,

Figure 4 builds on Figure 3 by adding solid heavy lines to indicate
the portion of the ship acquisition process which is identified as the
"domain" of responsibility of the CASDAC program. Figure 4 indicates
that much of the area representing shipyard functions remains outside the
domain of CASDAC Level IV/V, e.g., shipyard management and internal
management information systems, personnel management, etc., together with
activities associated with non-Navy tasks.

10
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Figure 3 -~ Naval Ship Acquisition Process
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Similarly, the CASDAC domain boundary takes in only part of the
Navy's functions which include CASDAC Levels I - III currently under
development by the Naval Ship Engineering Center. This recognizes that
there is a continuing naval involvement in the ship acquisition process
beyond contract design, and that many of these functions will remain
outside the domain of CASDAC. Among the functions which will not be
detailed in the model but may well be included, at least in part, in
CASDAC, is the participation of the Supervisor of Shipbuilding (SOS)
Office. The functions of this office are central to the continuing naval
involvement and include contract administration, plan approval, cost
negotiations, and change order management.

Also included in Figure 4 is an area enclosed by heavy dotted lines.
This area represents the portion of CASDAC Level IV/V which is intended :
to be the subject of this study. This implies that there are shipyard 4
functions which may well lie within the domain of CASDAC Level IV/V, but
will not be addressed by this study. These are basically borderline
management functions, material control and handling, scheduling, etc.,
which CASDAC may someday encompass, but which will not be examined g
in this study.

Finally, Figure 5 infers with the solid heavy lines that within the
domain of the CASDAC system there is a subset of functions for which
CASDAC will develop software.

Having thus identified and defined the "circles of scope,” several
original questions relating to scope were refined and became more
pointed. Specific issues and problems relating to the scope of CASDAC
Level 1V/V are enumerated and discussed below.

Issue: Does CASDAC encompass ship repair and over- :
haul? .

Recommendation: Ship repair and overhaul should be defined
to be outside the domain of current CASDAC
responsibility. However, CASDAC should:

(1) Establish and maintain liaison *
with any computer-aided design
developments aimed at repair/
overhaul in order to avoid un-
warranted duplication of effort.

(2) Provide the mechanism whereby the l

final shipyard design data base
representing the ship "as built" i
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Issue:

Recommendation:

Issue:

Recommendation:

will be preserved and retained
by the Navy to support computer-
aided design in subsequent
repair/overhaul,

(3) Identify these CASDAC modules
which could be used in overhaul/
repair, and develop the software
to support the requirements of
overhaul/repair, where these
requirements may be accommodated
with minor incremental effort,

Will CASDAC Level IV/V include naval
activities beyond contract design?

Naval activities beyond Level III contract
design should initially be considered
outside the scope of CASDAC Level 1V/V.
However, future expansion of CASDAC should
include those Supervisor of Shipbuilding
functions previously discussed, and programs
which address similar functions should be
evaluvated for current applicability.

What ship types will the CASDAC program
address?

Investigation to date indicates that for
the proposed funding of approximately $40
million, it can be expected that CASDAC
will basically be limited to mono-hull
conventional-powered surface ships. Many
of the programs developed in this vein
will be usable for applications to other
ship types.

In summary, the study recommends that the current scope of CASDAC
Level IV/V should state that the initial version of CASDAC be limited
to new ship design and construction of counventional-powered mono~hull

surface vessels.

FUNCTIONAL SYSTEM RESPONSIBILITIES

It was decided by the top-down study team that one of the best ways
to be certain of covering, or at least considering, all of the primary
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tasks accomplished in Level IV/V would be to examine the Ship Work
Breakdown Structure (SWBS), Reference 5, and to assign responsibility for
each SWBS element to one or more of the functional systems.

Following the basic guidelines of the six functional system break-
downs, a SWBS matrix, Appendix C, was developed using the following

For SWBS groups 1 - 7, representing physi-
cal pieces of the ship, each element was
identified with one or more functional
systems which hold responsibility for all
or some portion of the ship pieces in that
particular SWBS element.

Elements in SWBS groups 8 and 9 represent
shipyard activities and services, many of
which should be considered in the top~down
model, and many of which do not show use
from analysis of groups 1 - 7, Where
possible, the elements have been assigned
to applicable functional systems in the
matrix as with groups 1 - 7.

SWBS group 0 represents activities and
services performed by the Navy. Many of
these are performed prior to letting the
contract and are of little consequence to
this top—down study, as they are effected
through the Level III interface. Many
group 9 activities, however, occur while
and after the ship is being constructed,
and are indicative of many functions
during Levels IV and V., Group O elements
are not correlated with functional systems,
but should be reviewed when considering
the continuing interface between the
functional systems and the Navy throughout
Levels 1V and V.

The original intent of this SWBS matrix development was to help
define the areas of responsibility for each of the functional systems,
In developing the matrix it became apparent that issues relating to the
overall scope of CASDAC, such as submarines, nuclear power, non-con-
ventional hull forms, etc., had to have some kind of resolution in
order to complete the matrix., Since resolution of those issues was not
immediately forthcoming, they were avoided for expediency in developing
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the matrix by assigning each SWBS element to the functional system or
systems which would have responsibility if CASDAC were to be expanded to
include all types of naval vessels,

Unresolved issues include:
Issue: Responsibility for Weapons

Recommendation: The SWBS matrix reflects major responsiblity
for weapons with the HULDAC functional
system, This should change to reflect
weapons systems belonging to ELXDAC with
HULDAC assuming responsiblity only for
required structure and storage facilities,

DATA INTERFACES AMONG FUNCTIONAL SYSTEMS

A discussion of the development of the HIPO diagrams is included in
a previous section. The individual HIPO diagrams served to highlight the
exchange of information between the functional systems at a general level
by identifying and addressing the various documents which are developed
by the functional systems and which are needed to transmit data. It was
recognized that the flow of data at the document level was not sufficient
for the planning, development and administration of a Computer-Aided
Design (CAD) system. Design communication in CAD systems is typically
accomplished by using various "sets" of data down to the element level.
At the level of detail addressed in the HIPQO diagrams it was not feasible
to identify data at the element level. However, this could be accom-
plished if the study were to be expanded to model individual program
modules.

To help identify the interfaces between the functional systems, an
input-output (I/0) matrix (Appendix D) was developed using information
obtained from the HIPO diagrams. The exchange of information between
functional systems is best illustrated by examining the HULDAC portion of
the matrix. This interface between HULDAC and the other functional
systems is perhaps the most common of all the interfaces as a result of
the requirement of each functional system to have information on the
physical description of the ship. This information includes hull form,
compartmentation, and structural configuration. In addition, information
concerning equipment foundations is supplied to HULDAC by each of the
other functional systems. This is indicative of the fact that the
majority of interface data between functional systems is of a physically
descriptive nature., Much of the technical data is contained within each
functional system and is passed between subsystems within the functional
system depending on the various design stages.
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LEVEL III DATA INTERFACE WITH CASDAC IV/V

The CASDAC Level III/IV interface is presented by the upper level
HIPO diagrams of the various functional systems. However, this inter-
face is presented in very general temrms, such as contract specifications,
contract drawings, contract guidance plans, GFE/GFI, vendor data, etc.
In general, these are all components of the Level III output, which is
the interface, and which can be summarized as data necessary to insure
that the ship design is sound and that the ship and ship systems will
meet the required design characteristics. These data serve as the basis
for the detail design development and have in the past been transmitted
to the builder in the form of printed matter, such as specifications
and drawings. In the CASDAC system, the form of the Level III output
is not yet completely defined in terms of digital data/data base struc-
ture. It is envisioned that much of future Level III output will be in
a digital form which can be immediately loaded into the shipyard data
base for a particular ship. In addition, there are some current studies
which are advocating moving much of the detail design process into
Level III. While this concept appears very interesting, it has not been
addressed in this study. The fact that CASDAC Level III is currently
under development and the form of specific data elements cannot yet be
determined explains the use of general terms in the HIPO diagrams,

Several issues concerning the data interface between Levels III and
IV remain in question, and it is the recommendation of this study that
the resolution of those issues, including the identification of the
interface data at the element level, should be included in the various
functional descriptions of each functional system.

COMMON SOFTWARE DEVELOPMENT

This objective is perhaps one of the most important outputs from
this study. The desirability of finding areas of common software devel-
opment is most obvious. Unfortunately, the level of detail of this study
is very general and consequently most of the findings of the study are
also very general. Several areas appear to offer themselves as candidates
for common software development. These areas cover functions which are
common to each functional system but which have not been investigated to
a proper depth to ascertain positive commonality in all respects. Some
of these are development of various lists, procurement specifications,
graphics, planning functions, catalog development and maintenance, etc.

The single most promising of these areas is graphics. The develop-
ment of drawings as the prime means of communications between the engi-
neers/designers and the yard workers is certainly a common function shared
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by each of the functional systems. Even though the format and content
of the drawings may differ, the basic graphics principles remain the
same,

Another area of common software development which has not been
included in this study, but which should not be overlooked, is the use
in Level IV of programs developed in Level III. Many of the programs
developed in Level 111 may prove directly applicable in Level IV, while
others may require update/modification to be useful.

Recommendation: Close liaison should be maintained with the
developers of CASDAC Level III to ensure maximum consideration for use
of Level III software in Level IV,

FUNCTIONAL SYSTEM TYPICAL DATA

Data identified in this study are in the form of documents. This
reflects the general, high-level nature of the study. The documents
identified as input and output for the various functional systems have
been organized into a hierarchical type listing (Appendix E) for each
functional system. These input/output document lists were developed
from the HIPO diagrams. An identification number was assigned to each
input and output within each functional system. These identification
numbers include designation of the functional system, separation of
input and output, and data organization. For example, the number
D.MI.1 would break down as follows:

D Document

MI = Machinery Input

1 Contract Data

D.MI.l.1 would include the first level breakdown of contract data.
In this example, the final ".1" means detail specifications.

The schema becomes confusing in the case of interface data, since
the same data item is listed as output from one functional system,
carrying that functional system's identification, while at the same time
being listed as input to at least one other functional system and, as
such, carrying a new identification. This situation resulted from the
fact that each functional system representative recognized the need for
identifying and organizing data but that all of them agreed that time
would not permit development of a consolidated list.
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In developing the HULDAC listing, there emerged a clear subdivision
of Level IV into system level engineering and detail design. The system
level engineering is a redo/certification of the NAVSEC design which is
preliminary to, and provides input for, the detail design phase. This
pattern of preliminary engineering followed by detail design appears to
be prevalent throughout the functional systems, although it is not
explicitly recognized in the other subsystems, as it is in HULDAC.

Issue: Data List by Functional System

Recommendation: Development of a consolidated data list/
data dictionary for all of CASDAC Level
IV/V is imperative. This study has
dealt with data in the form of documents.
This was due to the high-level general
nature of the study. It is recommended
that future functional system detailed
model development include the data modeled
to a comparable level of detail, and
labeled and included in a CASDAC data
dictionary.

Issue: Engineering/Detail Design Functional
Separation

Recommendation: Developers of Level IV/V functional
systems should closely examine subject
functional models for common trends such
as a separation of the engineering and
detail design functions. The under-
standing of any such trends may possibly
determine major subsystem breakdown of
proposed functional systems.

LEVEL IV/V INTERFACE

This study did not examine CASDAC Level V, as time and funds would
not permit. However, the study has raised some interesting points and
questions regarding CASDAC Level V. The most central of these questions
concerns whether or not there is a distinct line between Level IV and
Level V and exactly where this line falls.

The current trend seems to be leading toward production of assembly
drawing work packages, which are a combination of design and production
capabilities. More and more the design and production stages are
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approaching and overlapping each other and this may well be the founda-
tion for a happy marriage.

Issue: Should production planning/scheduling
and material control-type functions be
included in CASDAC?

Recommendation: The current development model of CASDAC
Level 1V/V should not include production
scheduling and material control type
functions. However, these type functions
should be considered in any expanded
version of CASDAC.

CASDAC IV/V FUNCTIONAL DESCRIPTION INPUTS

It was anticipated that this study would produce input for several
sections of the CASDAC Level IV/V functional description. The sections
envisioned to be substantially extracted from this top-down study are as
follows:

l. Project References

2. Background

3. Objectives

4. Existing Methods and Procedures
5. Specific Performance Requirements
6. System Function

7. Inputs/Outputs

8. Interfaces

Developers of the CASDAC Level IV/V functional description will
find scattered input in various sections of this study. However, the
extent of these inputs is generally less than originally hoped for.

The top-down study, in modeling the system functions, made the
assumption that at the top level there would be no significant differ-
ences due to manual/automatic functions. There are certain functions
which do not show up in a model of the manual system, but which are ger-
mane to the development of an automatic system. These functions deal
primarily with data descriptions and data handling. However, the basic
premise of the assumption remains true, due mainly to the high level
general nature of the study, and, consequently, the model more closely
depicts the manual process.

21

S X




| -

Recommendation: A model should be developed which
would represent the functions in
a proposed computer—aided design
system,

DESIGN INTEGRATION

The top-level HIPO diagram indicates that there may be functional
system level functions in addition to the six previously defined functional
systems. One such candidate system is design integration. The single HIPO
diagram developed for this design integration function can be explained by
the fact that while this function is certainly performed by all functional
systems, there are several different approaches to its accomplishment, and
many different levels within it.

In many cases, design integration is accomplished by an independent
group or committee consisting of members representing the various shipyard
design activities. This group accomplishes interferences checks and main-
tains liaison between functional systems by preparing composite drawings
or overlay drawings showing the physical location of the individual func-
tional system equipment or structure. In other cases, this interdiscipli-
nary liaison is conducted by the individval responsible for the arrange-
ment of a particular space. The individual must gather all relevant
information currently available concerning the subject space and conduct
interference checks with other disciplines as deemed necessary.

If a digital description of the ship and ship systems existed either
in a common data base or in separate data bases sharing a common access
mechanism, an engineer/designer would have access through this central
repository to all/any current information relevant to a particular
space., This feature of a central source data search could improve
the interference checking capability tremendously. The capability could
be easily expanded to provide graphic representation of the existing
data, which would aid the responsible engineers further by allowing
visual interference checks. In addition, a properly designed and managed
data base could provide the foundation for sophisticated programs which
could automatically conduct interference checks and flag error conditioms.

Issue: Should there be a seventh functional
functional system for Design Integra-
tion?

Recommendation: Due to the lack of sufficient infor-

mation about the particulars of this
design integration function, it is
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recommended that at this time design
integration should remain under the
cognizance of the individual func-
tional systems. However, as models
of the individual functional systems
become more detailed it is expected
that more firm direction concerning
the establishing of additional func-
tional systems should emerge.

EVALUATION OF HIPO USAGE

The selection of HIPO as the primary tool for the conduct of this
study has been previously explained as basically one of economic expedi-
ency. However, HIPO may well have been selected if the economic factor
had been dismissed from consideration.,

It was observed immediately that the HIPO diagrams needed to
include address information for inputs and outputs. This was the major
deviation from the recommended HIPO diagram usage.

The one major disadvantage noted in using HIPO was that the HIPO
method presents a picture of a system in a large number of very small
"windows." A user sees one function per window and tends to lose sight
of how that function fits in and reacts with the other functions. This
leads to much page-flipping and loss of appreciation for data flow. 1In
comparison, the SOFTECH SADT method presents one "generation" of func-
tional hierarchy, consisting of perhaps five functions, on a single
page. The SADT diagrams therefore appear more complex, as indeed they
are, but this complexity is the illustration of the inter-functional
relationships which the HIPO user must mentally build for himself and
retain in his head.

Recommendation: If the top-down model is extended to
depict greater functional detail, and
is to be used as the basic process
model about which CASDAC will be
developed, the SADT method should be
used in preference to the HIPO method.
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SUMMARY

This top-down study has provided a framework for defining the scope
of CASDAC, has identified policy issues related to the scope which
deserve to be resolved, and has recommended policy to clarify some.
CASDAC top management should ratify or modify recommended policy and
reflect decisions in apprpriate CASDAC documentation.

This study has resolved responsibilities of functional systems and
provided a top-level model for continued development of process and data
models in each functional system,

As a side benefit, the study has provided common modeling experience
to each participant, and hopefully each functional system developer will
remember the lessons of this model and proceed to develop individual
functional systems using similar modeling tools.
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MANAGEMENT SYSTEMS 4.1

HIPO

DIAGRAM 1

NOTE: No HIPO diagrams were
developed for this section., ‘+
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HULDAC 4.3
HIPO

DIAGRAMS

NOTE: The term 'boiler plate"
is used throughout the HULDAC
HIPO diagrams to refer to a
standard set of inputs which
includes the following:

GFI1

Change Data
Identification Standards
Q.A. Procedures
Engineering Schedule
Detail Design Schedule
Design Approval
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HANDAC 4.6
HIPO

DIAGRAMS

NOTE: No HIPO diagrams were
developed for this section.
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